Aim: Bipolar disorder (BD) is often treated with anticonvulsants. Lacosamide has not been tested in BD. We assessed its effects in a hospital setting in patients with BD without epilepsy.
T HE CHIRAL FUNCTIONALIZED amino acid, lacosamide, is a third-generation antiepileptic drug currently approved as add-on treatment for partial epilepsy. Lacosamide is the R-enantiomer of N-benzyl−2-acetamido-3-methoxypropionamide ( Fig. 1 ) and is endowed with antiepileptic activity, while its S-enantiomer, which is also a neurite outgrowth-promoting collapsin response mediator protein 2 (CRMP2) activity modifier, 1 is devoid of such activity. It has recently received approval for the treatment of partial-onset seizures as monotherapy in the USA (2014) and Europe (2016) .
Lacosamide is tolerable and safe with a well characterized and favorable pharmacokinetic profile, including a fast absorption rate, minimal or no interaction with cytochrome P-450 isoenzymes, and a low potential for drug-drug interactions. 2 Its mechanism of action in not fully understood, but is suggested to act by enhancing slow inactivation of voltage-gated sodium channels, 3 while leaving fast inactivation unaffected, 4 dissimilarly to other antiepileptics. 5 Furthermore, it inhibits CRMP2 inactivation, 6 thus reducing signaling mediated through tyrosine receptors kinase B/C (trkB/C), like those carried out by neurotrophin 3 (NT-3) and brain-derived neurotrophic factor (BDNF). 4 This site of action is shared with other mood-stabilizing anticonvulsivants. 7 However, the role of lacosamide in modifying CRMP2 activity has been cast into doubt in regard to its effects in epilepsy 8 and a role for CRMP2 in bipolar disorder (BD) is unlikely. 9 Lacosamide was shown to reduce cocaine-induced elevations in reward function in rats, which is considered to be a common feature of manic episodes. 7 It has also showed a more beneficial psychotropic profile than other antiepileptic drugs, especially regarding affective symptoms, 10 and caused no impairment of cognitive abilities. [11] [12] [13] [14] However, its off-label use is still limited.
There are few data on lacosamide in psychiatric disorders; however, it is possible that it could prevent substance-and life-event-induced mood elevation. Lacosamide was shown to reduce cocaineinduced mood elevation in an animal model. 7 The main target in the treatment of BD is to suppress mania, since this prevents the subsequent development of depression. 15 In a self-stimulation animal model of mania, 7 low-dose lacosamide significantly reduced cocaine-induced intracranial selfstimulation in the rat, whereas sodium valproate and lamotrigine did this only at the highest dose. High-dose lacosamide increased the threshold of self-stimulation, even in the absence of cocaine. Béguin et al. 7 provided a theoretical basis for using add-on lacosamide in bipolar spectrum disorders (BPSD) and/or substance use disorders (SUD).
Lacosamide showed some anxiolytic/antidepressant effects in patients with epilepsy with comorbid anxious/depressive symptoms. 16, 17 A Spanish study 16 found lacosamide to abolish seizures in about 55% of 31 patients with epilepsy, showing also reduced anxiety/depressive symptoms at the 3-and 6-month follow up; symptoms were assessed through the Hospital Anxiety and Depression Scale, a validated self-rated questionnaire. Another study 17 carried-out in Ohio, USA, assessed 91 patients with epilepsy with the Neurological Disorders Depression Inventory for Epilepsy (NDDI-E), 18 which detects major depression in patients with epilepsy with a good positive predictive value of 0.62. The study found no significant change after 6 months. 18 However, those 25 patients with elevated scores on the NDDI-E (>15) obtained a significant reduction in depression. Anxiety was not significantly affected by lacosamide, but was measured with a 7-item tool in only 20 of these patients. Lacosamide was found to not deteriorate cognition and in some cases even to improve it in a German study of long-standing adult epilepsy patients. 19 In contrast, a systematic review observed controversial effects on mood and cognition in pediatric populations. 20 In another open, multicenter study of patients with treatmentresistant focal epilepsy, lacosamide improved scores on the Beck Depression Inventory-II in the entire sample of 49 patients aged more than 16 years, and improved anxiety symptoms in patients with anxiety, independently from their improvement in epilepsy. 21 We observed positive mood effects with reduced symptom fluctuation and reduced anxiety in a patient with cyclothymia, post-traumatic stress disorder, and frontotemporal epilepsy. 22 This prompted us to try lacosamide as monotherapy in patients with an acute mood episode in a naturalistic setting, comparing their clinical response to a retrospective group treated with other antiepileptic drugs.
METHODS
We included 102 consecutive patients with a DSM-5 bipolar I or II disorder who had been recently hospitalized (during the period from January 2015 to the end of December 2016) for an acute mood episode, aged 18-65 years, both sexes. Patients were administered lacosamide in the range 50-300 mg/day. Usually the starting dose was 50 g/day, switched to 50 mg/12 h according to needs after 2 days, and to the target dose within 1 week. Patients were diagnosed on the basis of the Structured Clinical Interviews for DSM-IV Axis I and Axis II Disorders. The clinical status was assessed at baseline and 3, 7, 15, and 30 days after initiating lacosamide administration. The instruments used were the 24-item Brief Psychiatric Rating Scale (BPRS), 23, 24 the Young Mania Rating Scale (YMRS), 25 Hamilton's Rating Scales for Depression (HDRS) 26 and Anxiety (HARS), 27 and the Clinical Global Impressions -Severity (CGI-S) scale. 28 Patients' global functioning was assessed with the Global Assessment of Functioning (GAF) Scale 29 at baseline and at the 30th day after initiating lacosamide. We compared the clinical and sociodemographic data of patients on lacosamide (L group) with those of a retrospective sample of patients with similar disorders treated with other antiepileptic agents (OAE), evaluated at the same time-points (control group).
Exclusion criteria included treatment other than lacosamide, severe medical or neurological conditions, dementia, and epilepsy in particular, as well as inability to provide informed consent for participation. Patients with significant hepatic or renal impairment were excluded, as these conditions could have affected the pharmacokinetics of lacosamide. 30 The control group consisted of 123 patients who met inclusion criteria during the period January 2013-April 2017, who provided free, informed consent for treatment received and study participation, and who were receiving treatment with antiepileptics other than lacosamide. Patients were receiving antiepileptic drugs and some of them were receiving benzodiazepines (N = 12) or antipsychotics (N = 23, 21 atypicals). Patients on lithium were not included. No patient in the control or the L group had previously received electroconvulsive therapy. Inclusion and exclusion criteria were the same in both groups.
Side-effects were reported spontaneously by patients and were classified as mild, moderate, and severe. They were subsequently classified as frequent (≥5%) or infrequent (<5%).
Included patients signed free, informed consent for participation. The study received approval from the local ethics committee prior to its initiation. It adhered to the Principles of Human Rights, as adopted by the World Medical Association (WMA) at the 18th WMA General Assembly, Helsinki, Finland, June 1964 and subsequently amended by the 64th WMA General Assembly, Fortaleza, Brazil, October 2013. As the study was observational, we did not apply for a Clinical Trial registration.
Statistical analysis
Percentages, means, and SD were used for descriptive statistics. We used parametric tests to compare the large L (n = 102) and OAE samples (n = 123); that is, the Student's t-test and Pearson's correlation coefficient r for continuous variables (i.e., age 32 cutoffs (i.e., 0.10, very small; 1.20, very large; and 2.00, above huge). P was set at 0.05 for the sociodemographic comparisons, while for the clinical variables, to avoid type I error, we corrected for the multiple comparisons (seven) by adopting the Bonferronicorrected threshold for statistical significance, <0.007 (=0.05/7). If splitting the sample for the purpose of analyzing specific subsamples resulted in one with a relatively small size, we subjected it to the Shapiro-Wilks W-test for normality 33 to decide whether to proceed with a parametric test or to shift to a non-parametric one.
The significant differences derived from the comparisons between variables in our descriptive statistics were further examined and confirmed by a forward stepwise logistic regression, which is a semiautomated process of building a model by successively adding variables based solely on the t-statistics of their estimated coefficients. More specifically, sociodemographic variables with a P-value < 0.05 and clinical variables with a P-value < 0.007 at bivariate analysis were included in the multivariate analysis and the most parsimonious set of independent variables was selected through a forward procedure. The latter involves starting with no variables in the model, testing the addition of each variable using a chosen model fit criterion, adding any variable, the inclusion of which provides the most statistically significant improvement of the fit, and repeating this process until none improves the model to a significant extent. The χ 2 -test with degrees of freedom (d.f.) and P-values were obtained to estimate the size of the association between type of treatment, on one hand, and patient sociodemographic characteristics (i.e., sex, age, educational level, BD type, episode type, and comorbid SUD), on the other hand, after the confounding effect of covariates was adjusted for, to the extent allowed by the data. Characteristics as 'predictors' for treatment type were regarded as potential confounders and considered actual confounders if their distributions were substantially different in the two samples. The cut-off for statistical significance for logistic regression was set at P < 0.05. All analyses were two-sided. The Cox-Snell pseudo-R 2 was calculated to determine the proportion of the variance in the dependent variable that is predictable from the independent variable(s). We conducted three-way analysis of variance (ANOVA) to investigate whether a three-way interaction existed among age, comorbidity, educational level, and episode type per treatment type in the logistic regression.
We used paired-samples t-test to compare, preand post-treatment with either lacosamide or OAE, the means of the BPRS, YMRS, HDRS, HARS, CGI-S, and GAF of manic, depressed, or mixed BP patients, respectively. We also used the independent-samples t-test to compare the differences (Δs, calculated by subtracting post-treatment from pre-treatment values), of the means of the BPRS, YMRS, HDRS, HARS, CGI-S, and GAF of manic, depressed, or mixed BP patients treated with lacosamide versus OAE.
All analyses were performed by using SPSS (IBM SPSS Statistics for Windows, Version 24.0 IBM Corporation, Armonk, NY, USA).
RESULTS
There were significant differences between L and OAE patients in sociodemographic characteristics ( Table 1 ). The L sample was significantly younger than the OAE sample (P = 0.004), had less SUD comorbidity than OAE patients (P = 0.000001), and was of lower educational level than OAE patients (P = 0.001). There were no significant differences in marital status (Fisher's exact test: P = 0.938). The χ 2 -test showed no significant difference between the L and OAE samples in the proportion of patients with manic, depressed, or mixed episodes on admission (P = 0.261). Age and years of education did not correlate with any outcome measure, save for final CGI-S scores, with which both positively correlated weakly (r = 0.24 and 0.22, respectively).
Intragroup comparisons
The sample as a whole responded well to the treatment and the two treatment samples, L and OAE, behaved similarly. In both groups and in the entire sample, significant improvements were found at Day 7 on all assessment measures and persisted throughout the entire treatment period. Furthermore, response was significant on the YMRS and on the CGI-S at Day 3 for the L and entire samples, while all groups responded with a similar significance on the GAF (Table S1 ) and a huge size effect (Table S2) .
Intergroup comparisons
The two samples did not differ in number of prior mood episodes (t = −0.46, P = 0.65) or in the duration of their illness since its onset (t = 0.21, P = 0.83). Clinical measures showed no differences on any scale at baseline. At the 3rd day of treatment and for the remaining treatment period, L patients fared better than OAE patients on the YMRS and the CGI-S and worse on the HARS, while they did not differ on the HDRS. Furthermore, on the last day of observation (30 days), OAE patients scored lower on the BPRS than L patients (indicating a stronger improvement in psychopathology of the former), and lower on the GAF (indicating that the latter had a better functioning; Table 1 ; Fig. 2 ). Measuring Cohen's d effect size (baseline vs Day 30) on the considered clinical measures for all groups, we found a very large magnitude (or huge for OAE patients on the BPRS and for the L and the total groups on the CGI-S) for YMRS, HDRS, and HARS in all groups, either considered separately (i.e., L or OAE patients) or together. The magnitude of the effect size for all groups (L, OAE, and total) was huge (Table S2) .
Drug doses and clinical response
A total of 102 patients were taking lacosamide: five took 50 mg/day, 28 took 100 mg/day, 18 took 150 mg/day, 45 took 200 mg/day, one took 250 mg/ day, and five took 300 mg/day (mean = 161.76; SD, 58.10). Of the 91 (74.0% of the OAE group) patients who were taking valproate, 14 took 600 mg/day, one took 750 mg/day, 16 took 900 mg/day, 39 took 1000 mg/day, one took 1200 mg/day, one took 1250 mg/day, and 19 took 1500 mg/day (mean = 1027.47; SD, 283.75). Of the Regarding antiepileptics other than valproate and lamotrigine (N = 13, 10.6% of the OAE group), four patients were taking oxcarbazepine 600 mg/day, four were taking carbamazepine (one took 600 mg/ day and three took 800 mg/day), three were taking pregabalin (one took 50 mg/day and two took 450 mg/day), and two were taking gabapentin 1200 mg/day. Six patients were concurrently receiving clonazepam: three patients who were taking 200 mg lamotrigine received oral clonazepam at doses of 0.5-3 mg; and three who were taking 1000-1500 mg valproate received oral clonazepam at doses of 8-9 mg. Correlations between drug doses and clinical measures were not significant or were weak-moderate: inverse correlations between lamotrigine doses and BPRS (r = −0. To address possible confounders, we used forward stepwise logistic regression by entering into the model age, sex, educational level, diagnosis (bipolar I and bipolar II), episode type (depressive, manic, and mixed), and SUD comorbidity. We found age, sex, and educational level to be confounders, resulting in a distortion of the actual relationship between the independent and the dependent (treatment, i.e., L/OAE) variables considered in the model (Table 2 ). In contrast, BP type and episode type at admission did not affect the relation between the variables.
The Cox-Snell pseudo-R 2 was 0.457, meaning that our regression model explains 44.5% of the variance of the dependent variable (L/OAE), that is, our regression model explains only 44.5% of belonging to the L or OAE group.
By performing three-way ANOVA, we found no significant interaction between or among age, educational level, and SUD comorbidity in the determination of our results (Table 3) .
Paired-samples t-tests showed that all the means, pre-and post-treatment with either lacosamide or OAE, of the BPRS, YMRS, HDRS, HARS, CGI-S, and GAF scales of manic, depressed, or mixed BP patients, respectively, differed significantly and with the same P-value (0.00001). Independent-samples t-tests showed comparable Δs BPRS, HDRS, and HARS, scores for manic, depressed, and mixed BP patients treated with lacosamide versus OAE are shown in Table 4 . The YMRS improved more in the manic L group, the GAF more in the manic OAE group, and the CGI-S more in the mixed OAE group.
Since the most frequent comorbidity was SUD and differed in distribution between the L and OAE samples, while other comorbidities were distributed equally between them (Fisher's exact test: P = 0.505), we conducted separate analyses to compare the effects in non-comorbid and comorbid patients. Interestingly, OAE patients were significantly older in the SUD non-comorbid group (Table S3) , thus indicating that the effects of age were mainly driven by this subgroup. No age differences were found between the SUD comorbid and SUD non-comorbid subsamples, the comparison being carried out through the Student's t-test, since Shapiro-Wilks W was 0.933 and normality was accepted. The L group at baseline was characterized by higher baseline anxiety levels in the SUD noncomorbid group (mean = 21.85 AE 6.27 vs mean = 17.2 AE 8.05; t = 2.81; P = 0.006), but such differences disappeared in the course of the study. In contrast, in the OAE group, anxiety was higher in the SUD comorbid group at baseline and all Table 3 ), while at Day 15, CGI-S scores were worse in the SUD comorbid subgroup, compared to the SUD non-comorbid subgroup (SUD comorbid, mean = 4.23 AE 1.00 vs SUD non-comorbid, mean = 3.69 AE 0.82; t = −3.28; P = 0.0013). *P < 0.05; **P < 0.01. All significant results in bold characters BPRS, Brief Psychiatric Rating Scale; CGI-S, Clinical Global Impressions Scale -Severity; GAF, Global Assessment of Functioning Scale; HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton Depression Rating Scale; L, lacosamide group; OAE, other antiepileptics group; YMRS, Young Mania Rating Scale. Side-effects were uncommon in the L group, while they were more common in the OAE group. Headache was reported by about 10% of patients in the L group and 15% of patients in the OAE group, dizziness in 6% of L patients and 8% of OAE patients, and nausea in 5% of L patients and 18% of OAE patients. Confusion and cognitive symptoms were reported by 1% of L patients and 20% of OAE patients (χ 2 = 50.44, P < 0.0001). All side-effects in the L group were mild and self-limited, while cognitive disturbances in the OAE group tended to persist. No liver or kidney function alterations were reported in the L group.
DISCUSSION
In this study, we observed that lacosamide administration in individuals with a depressive or manic episode in the course of BD was associated with a good clinical response similar to that of other antiepileptics. Improvement did not depend on type of episode or of BD. Furthermore, lacosamide more vigorously improved the clinical global impression of patients and showed a better antimanic response than other antiepileptics. The effect on global functioning was similar in the two groups.
There are nine currently known human neuronal α subunit-bearing voltage-gated sodium channels, ranging from Na v 1.1 to Na v 1.9. These are encoded by genes termed SCN1A to SCN5A for Na v 1.1 to Na v 1.5, respectively, and SCN8A to SCN11A for Na v 1.6 to Na v 1.9. Lacosamide stabilizes the slowinactivated state of neuronal Na v 1.1 and Na v 1.7 channels, 34 but was shown also to act on Na v 1.2, 35 Na v 1.3, and Na v 1.8, 36, 37 but not on Na v 1.6, whose gene SCN8A was found to be possibly associated with BD. 38 One possible connection with lacosamide-influenced processes is indirect, stemming from the fact that lithium, an effective antimanic agent, normalizes the pCRMP2-to-CRMP2 ratio and restores aberrant neuronal spine densities in human-induced pluripotent stem cells from lithiumresponsive BD patients. 39 CRMP2, which is known to regulate responses to Na v 1.7 channels 40 is a target of lacosamide, but how much this is relevant to its action in BD is still to establish. We found differences in the action of lacosamide versus other antiepileptics that we currently cannot explain in terms of slow versus fast inactivation of voltage-gated sodium channels, that is, a stronger antimanic effect, a stronger effect on CGI-S-rated psychopathology, and on quality of life, and a weaker effect on anxiety and BPRS-rated psychopathology. A possible mechanism could involve a differential influence on amplitude and latency of the evoked compound action potential of neurons, that lacosamide reduced at higher-than-therapeutic levels, while phenytoin reduced acutely even at higher-than-therapeutic levels, 41 but this leaves open the question about its molecular underpinnings. A recently added possible mechanism of the action of lacosamide is enhancement of GABA A currents. 42 Similarly to Alfaro et al., 43 we observed improved depression and anxiety, as well as quality of life (assuming that GAF provides to some extent a measure of quality of life) in patients with BD receiving lacosamide. This study observed also an improvement of impulsiveness, which we did not investigate. However, we obtained improvement on all mood measures and on anxiety in patients with no epilepsy, while the above study was conducted only on patients with epilepsy. The fact that Alfaro et al. 43 did not have a control group prevents us from making further comparisons. We should mention here that although both treatments reduced anxiety, as assessed with HARS, the effect of lacosamide was inferior to that of OAE, from Day 3 to the end of the study. We have no key to interpret this, as anxiety is increased during manic bouts and lacosamide had a greater effect than OAE at the same timepoints.
We observed a strong effect on global functioning of patients with BD and no epilepsy receiving lacosamide after 1 month of treatment. Other studies did not investigate specifically global functioning, but showed no effect of lacosamide on quality of life in patients with epilepsy 14, 44 however, another study on patients with brain-tumor-related epilepsy did not observe with lacosamide, compared to levetiracetam, the expected decay in quality of life. 45 Furthermore, all these studies investigated mood through nonspecific tools or with self-rated depression scales in patients with epilepsy, finding positive 43, 44 or no effects 45 after long-term treatment, while we used specific instruments for each affective dimension and found prominent improvement of mood measures in acute treatment (30 days) of patients with BD and no epilepsy. This explains the only partial overlaps of the results we obtained, compared to previous literature.
Separately analyzing SUD comorbid versus SUD non-comorbid subsamples, we found that the effects © 2018 The Authors Psychiatry and Clinical Neurosciences © 2018 Japanese Society of Psychiatry and Neurology of age could have been mediated through the OAE SUD non-comorbid subgroup. Furthermore, we found opposite baseline levels of anxiety in the L versus OAE subgroups according to their SUD comorbidity, that is, L patients with no SUD comorbidity were less anxious than those with SUD comorbidity; conversely, in the OAE group, SUD comorbid patients were more anxious at baseline than SUD non-comorbid patients and remained more anxious throughout the study. Moreover, the former were more ill at Day 15 than the latter, showing that comorbidity confers resistance to the improvement of anxiety and general psychopathological status to OAE, in line with literature findings of poorer response of SUD comorbid BD patients to treatment, 46 ,47 something that we did not encounter in our L group. Lacosamide is now tested for its efficacy in neuropathic pain, in which its S-enantiomer is more likely to carry out the analgesic effect, 48 and is now a fourth-line recommendation in the Canadian Pain Society's guidelines for chronic neuropathic pain, 49 even though its analgesic effect is overall considered to be limited. 50 Our study backs the preclinical suggestion by Béguin et al. 7 to test lacosamide in BD and in substance addiction.
Common side-effects of lacosamide include dizziness, headache, confusion, diplopia, nausea, nasopharyngitis, and vomiting; however, other symptoms, like psychosis 51 and reduced sexual activity, 52 have also been described. A reversible, short-lasting increase in suicidal ideation subsided after discontinuation and a switch to another antiepileptic. 53 In our study, we observed few side-effects and no suicidal ideation, psychosis, or diminished libido or sexual function. Side-effects were mild and transient. The L group fared better in side-effects compared to OAE patients. In particular, we observed significantly fewer cognitive side-effects in L patients compared to OAE patients, thus matching other findings. 54 Our choice to exclude patients with significant renal and liver impairment was supported by later findings.
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Limitations
The use of a retrospective control group that was unmatched to the L group and the differences found at baseline in sociodemographic characteristics limit the extensibility of our findings. A randomized controlled trial would have reduced possible biases. However, we addressed baseline confounders with a forward stepwise logistic regression and a three-way ANOVA. Furthermore, sample heterogeneity resulting from the inclusion of patients with different types of episodes could have biased our results. However, separately analyzing data for manic, depressive, and mixed episodes did not impact outcome differently. A strength of this study is that it is the first reporting a positive effect of lacosamide on the course of a bipolar episode, irrespective of polarity, in a large sample.
Conclusions
We found lacosamide to be effective in reducing symptoms in patients with bipolar I and II disorder, with few side-effects. Lacosamide had an advantage over other antiepileptics in improving mania and the general clinical picture, as well as global functioning. Dosages at which these effects were obtained were generally lower than those used to treat epilepsy. The mechanisms whereby lacosamide improved BD are unclear and should be further studied.
SUPPORTING INFORMATION
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